Sequential phosphorylation of Ser-10 on histone H3 and ser-139 on histone H2AX and ATM activation during premature chromosome condensation: relationship to cell-cycle phase and apoptosis.
Histone H1 and H3 phosphorylation associated with chromatin condensation during mitosis has been studied extensively. Less is known on histone modifications that occur during premature chromosome condensation (PCC). The aim of the present study was to reveal the status of histone H3 and H2AX phosphorylation on Ser-10 and Ser-139, respectively, as well as ATM activation through phosphorylation on Ser-1981, during PCC, and relate these events to cell-cycle phase and to initiation of apoptosis. To induce PCC, A549 and HL-60 cells were exposed to the phosphatase inhibitor calyculin A (Cal A). Phosphorylation of histone H3 and H2AX as well as ATM activation were detected immunocytochemically concurrent with analysis of cellular DNA content and activation of caspase-3, a marker of apoptosis. The intensity of cellular fluorescence was measured by flow- or laser scanning cytometry. Induction of PCC led to rapid histone H3 phosphorylation, followed by activation of ATM and then H2AX phosphorylation in both, HL-60 and A549 cells. All these events occurred sequentially, prior to caspase-3 activation, and affected cells in all phases of the cell cycle. ATM activation and H2AX phosphorylation was seen during mitosis of A549 but not HL-60 cells. Because the Cal A-induced phosphorylation of histone H3 and H2AX, and of ATM, precede caspase-3 activation these modifications are pertinent to PCC and not to apoptosis-associated chromatin condensation. The sequence of histone H3 and H2AX phosphorylation and ATM activation during PCC is compatible with a role of ATM in mediating phosphorylation of H2AX but not H3. Mitosis in some cell types may proceed without ATM activation and H2AX phosphorylation.